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ABSTRACT : 

PURPOSE: To provide a MOS transistor for power which is 
small in the 

dispersion of threshold voltage and is resistant to 

breakdown strength and is 

optimum for driving with low voltage. 

CONSTITUTION: In a MOS transistor, which has a base 
region 4, a 

low- resistance source region, and a polygonal source 
aperture, the fellow 

angles of adjacent base regions 4 are connected with each 
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other by a diffusion 

layer 14 so as to increase the concentration of impurities. 

In addition, it 
will do to thicken the thickness of the gate insulating 
film at the corner, or 

to remove the low- resistance source region 5 at the corner 
and add a p region 

to the corner so as to raise the concentration of 
impurities, or make the angle 

of the corner obtuse and bring it close to a circular arc 
so as to put the 

distance of expansion of the base region 4 at the corner on 
the same level as 

the case of a side. Hereby, the influence of the angle of 
the base region of a 

polygonal mesh gate can be removed, thus it has effects 
such as the improvement 

of the resistance to avalanche breakdown by the reduction 
of the dispersion of 

threshold voltage and the suppression of parasitic bipolar 
operation. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** snows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is the top view and A-A'sectional view and B-B' sectional view of the mesh gate LDMOS eel section which are 
the first example of this invention. 

[Drawing 2] It is the example of the production process of the example of drawing 1 . 

[Drawing 31 It is the longitudinal direction impurity atom concentration profile of the base region of the example of drawing 1 

[Drawing 41 They are the amount of ion implantation of the base region of the example of drawing 1 , and the relation of a 
threshold electrical potential difference. 

[Drawing 51 It is as a result of [ of the example of drawing 1 ] a breakdown test. 

[Drawing 61 It is the top view and A-Asectional view and B-B' sectional view of the mesh gate LDMOS eel section which are 
the second example of this invention. 

[Drawing 71 It is the example of the production process of the example of drawing 6 . 

[Drawing 81 It is the top view and A-A'sectional view and B-B' sectional view of the mesh gate LDMOS eel section which are 
the third example of this invention. 

[Drawing 91 It is the example of the production process of the example of drawing 8 . 

[Drawing 10] It is the top view and A-A'sectional view and B-B' sectional view of the mesh gate LDMOS eel section which 
are the fourth example of this invention. 

[Drawing 1 1] It is the top view and A-A'sectional view and B-B' sectional view of the mesh gate LDMOS eel section which 
are the fifth example of this invention. 

[Drawing 12] It is the top view of the mesh gate LDMOS eel section which is the sixth example of this invention. 
[Drawing 13] It is the block diagram of the hard disk driver equipment which is the seventh example of this invention. 
[Description of Notations] 

1 - P type silicon substrate, a 2 - low resistance N type buried layer, and 3 - an N type epitaxial layer, 4 ~ P type base 
region, a 5 ~ low resistance N type source field, and 6 -- a low resistance N type drain field, 7 - gate dielectric film, 8 - gates 
electrodes, and 9 - the metal electrode of an insulator layer and 10 ~ first pass, 1 1 - interlayer insulation film, and 12 ~ the 
second metal electrode, 13 - surface passivation protective coat, 14 - diffusion layer, and 15 ~ a thick insulator layer, 16 - P 
type well, and 17 - P type field 

101 [ ~ A hard disk driver control board 301 / - A SCSI controller chip, 302 / - A microprocessor chip, 303 / - A 
data-processor chip, 304 / - An A/D converter, a D/A-converter chip, 305 / — An analog amplifier chip, 306 / - The Motor 
Driver integrated circuit chip, 307 / - LDMOS for motorised, 308 / - The protection network section, 309 / - The control 
circuit section, 310/- The motor for head actuators, 311/-- Supply voltage ] - A photoresist, 102 ~ silicon nitride, 201 ~ 
Boron ion implantation, 202 - Arsenic ion implantation, 300 



[Translation done.] 
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♦NOTICES* I , f^^V? 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the insulated-gate form semiconductor device for power, especially relates to 
an insulated-gate form semiconductor device with a threshold electrical potential difference strong against the avalanche 
destruction for the low gate voltage actuation not more than IV. 
[0002] 

[Description of the Prior Art] The intelligent power IC which is the driver IC which equipped the output stage with power 
metal-oxide semiconductor field effect transistor for OA equipment, such as a hard disk driver (HDD), is developed. As one 
of the technical problems of this IC, there is low loss-ization of the power MOS which is an output component, and 
examination of the structure for it is performed. As structure effective in low-loss-izing, there is the so-called horizontal type 
DMOSFET of the mesh gate pattern with which two or more polygonal source openings and drain openings have been 
arranged (LDMOS), and this is indicated by the 64th page ('91ISPSD, Proceeding, pp.61-64) from insertion sequence P.S. 
Dee, a proceeding, and the 61st page in 1991. According to this, the source and drain opening which were prepared in the 
gate electrode accomplish a forward square, and are arranged by turns like a checker board. 
[0003] 

[Problem(s) to be Solved by the Invention] According to the above-mentioned conventional technique, formation of the 
channel field of MOSFET is performed as follows. First, ion implantation of boron is performed by using source opening of a 
gate electrode as a mask, and a base region is formed by diffusion after that. Then, source opening is used as a mask like 
boron, ion implantation of arsenic is performed, and a source field is formed. Channel length is defined by the difference of 
the flare of this base region and a source field. Here, when source opening has an angle with a polygon, it is known that the 
longitudinal direction flare and high impurity concentration of a base region in an angle will become small compared with the 
flare and high impurity concentration in the side. Therefore, also with a forward square like the conventional technique, in the 
angle, channel length became short, and the proof-pressure lowering by lowering of a threshold electrical potential difference, 
dispersion, and the punch through appeared, and there was a problem of becoming the cause of avalanche destruction by 
parasitism bipolar transistor actuation. This problem appeared so notably that lowering and a threshold electrical potential 
difference are low set up for base density. 

[0004] The object of this invention has small dispersion in a threshold electrical potential difference, and it is offering an 

insulated-gate form semiconductor device strong against destruction. 

[0005] 

[Means for Solving the Problem] The above-mentioned object is attained by controlling the short channel effect in the angle 
of a base region. That is, the angles of an adjoining base region are connected by the diffusion layer, and it is further attained 
by making high impurity concentration high, thickening thickness of the gate dielectric film in an angle, removing the low 
resistance source field of an angle, making high impurity concentration of an angle high, using the include angle of an angle 
as an obtuse angle, and these combination. 
[0006] 

[Function] Connecting the angle of a base region by the diffusion layer with deep high impurity concentration lengthens 
channel length of the angle of a base region effectually, and it controls a short channel effect. By thickening thickness of the 
gate dielectric film in an angle, the turn over voltage on the front face of a base region directly under an insulator layer is 
made high. The effect of an angle can be disregarded by removing the source field of an angle. Moreover, a punch through 
can be controlled by making high impurity concentration of an angle high. In the case of the side, a lateral flare distance can 
be close brought, so that the include angle of an angle is used as an obtuse angle. 
[0007] 

[Example] Hereafter, drawing 1 explains one example of this invention. Drawing 1 shows the top view and A-A'sectional 
view and B-B f sectional view of the mesh gate LDMOS eel section. For 1, a P type silicon substrate and 2 are [ a low 
resistance N type buried layer and 3 ] an N type epitaxial layer and the diffusion layer to which a low resistance N type drain 
field and 7 connect gate dielectric film to, and 8 connects [ 4 / a P type base region and 5 / a low resistance N type source 
field and 6 ] a gate electrode and the angles of the base region 4 where an interlayer insulation film and 12 adjoin [ the metal 
electrode of a first pass eye, and 1 1 ], and the protective coat for surface passivation and 14 adjoin [ 9 / an interlayer 
insulation film and 10 / the metal electrode of the second layer, and 13 ]. 
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[0008] In order to explain the structure of drawing 1 still more finely, the production process of drawing 2 is explained. First, 
thermal diffusion of Lynn is performed to the P type silicon substrate 1 of specific resistance 10 ohm-cm and field bearing 
(100), the low resistance N type buried layer 2 is formed in drawing 2 (a), and specific resistance 0.4 ohm-cm and the N type 
epitaxial layer 3 with a thickness of about 10 micrometers are formed on it. And the ion implantation 201 and annealing of 
boron which used the photoresist 101 as the mask are performed after scaling, and a diffusion layer 14 is formed. Next, in 
drawing 2 (b), pattern NINGU of the gate electrode 8 of polycrystalline silicon with a thickness of 0.3 micrometers is carried 
out after forming gate dielectric film 7 with a thickness of 3 50 A. Then, after performing ion implantation of boron by using 
the gate electrode 8 as a mask, diffusion is performed and the P type base region 4 with a depth of 1 .8 micrometers is formed. 
Slanting ion implantation may be used for formation of a base region 4 at this time. Furthermore, the ion implantation 202 and 
annealing of arsenic which used the photoresist 101 and the gate electrode 8 as the mask are performed, and the low resistance 
N type source field 5 and the drain field 6 are formed. Then, like drawing 2 (c), the insulator layer 9 with a thickness of 0.6 
micrometers is formed, and after performing pattern NINGU for taking contact of the source, a drain field, and a gate 
electrode, the metal electrode 10 of aluminum with a thickness of 0.5 micrometers is vapor-deposited. Furthermore, in 
drawing 2 (d), an interlayer insulation film 1 1 is formed after pattern NINGU of a metal electrode 10, pattern NINGU of a 
through hole is performed, and formation and pattern NINGU are carried out for the metal electrode 12 of aluminum with a 
thickness of 1.0 micrometers. Finally formation and pattern NINGU of the surface protective coat 13 are performed, and it 
ends. 

[0009] The longitudinal direction impurity atom concentration profile of the base region in this example is shown in drawing 
3 . In drawing 3 , the direction of A shows the flare of the base region in the side of source opening. Moreover, the direction 
of B shows a flare [ in / for the flare in the angle of the conventional technique / in the direction of C / the angle of this 
example ], respectively. If A is compared with B, the peak value of the longitudinal direction flare distance of B and high 
impurity concentration is small about 30 percent compared with A. At this example, lowering of the high impurity 
concentration of the base region in an angle is covered by adding a diffusion layer like C. Here, since a channel is formed also 
on the front face of the diffusion layer of C, it is necessary to set up the concentration of C more than the peak concentration 
of A. Moreover, width of face of the added diffusion layer is made small to minimum mask dimension extent, and it is 
desirable for the depth to be also shallower than a base region. That is because the part and channel width will become small 
if a diffusion layer is formed to fields other than an angle. 

[0010] The relation between this example, the threshold electrical potential difference in the conventional technique, and the 
amount of base region ion implantation is shown in drawing 4 . Compared with the conventional technique, about 0.4v of 
threshold electrical potential differences of this example is large, and they are comparable as the case of a stripe pattern. This 
is adding a diffusion layer and is because the effect of the angle of a base region was lost. 

[001 1] The practical effectiveness of this example is shown in drawing 5 . Drawing 5 is the result of performing an avalanche 
breakdown test about the conventional technique and this example of 2mm angle chip. The inductance of 100 microhenries is 
used as a load. In the conventional technique, in the angle of a base region, in order that the NPN transistor of parasitism may 
operate, it is destroyed with the small current. On the other hand, in this example, in the angle, an NPN transistor does not 
operate but is strong to destruction. Moreover, the current component in an angle comes out only, and, for a certain reason, 
there is no buildup of the on resistance by having used this invention. 

[0012] Drawing 6 explains other examples of this invention. Drawing 6 shows the top view and A-A'sectional view and B-B' 
sectional view of the mesh gate LDMOS eel section which are other examples. The description of this example is that the 
thickness of the insulator layer 15 on the diffusion layer 14 of the first example is thicker enough than the thickness of the gate 
dielectric film 7 of a channel field. 

[00 1 3] The example of the production process of this structure is shown in drawing 7 . In drawing 7 (a), scaling is performed 
after formation of a diffusion layer 14, and silicon nitride 102 is formed. Then, scaling is performed after pattern NINGU of 
silicon nitride 1 02, and thickness of the oxide film 1 5 on a diffusion layer 14 is thickened at about 0.6 micrometers. This 
process may be performed simultaneously with isolation (LOCOS). Next, silicon nitride 102 is removed. After this, since it is 
the same as that of the first example, it omits. According to this example, even if it applies an electrical potential difference to 
the gate, since a channel becomes impossible on diffusion layer 14 front face easily, it is not necessary to make high high 
impurity concentration of a diffusion layer 14. Moreover, the electrostatic capacity between the gate by having added the 
diffusion layer 14 and the base can be reduced. Furthermore, even when there is no diffusion layer 14, the threshold electrical 
potential difference in an angle can be effectually made high. 

[0014] Drawing 8 explains other examples of this invention. Drawing 8 shows the top view and A- A' drawing 7 sectional 
view and B-B' sectional view of the mesh gate LDMOS eel section which are other examples. The description of this example 
is having added the P type well 16 to the base region 4 of the first example. 

[00 1 5] The example of the production process of this structure is shown in drawing 9 . In drawing 9 (a), the P type well 1 6 is 
formed in the part in which a base region 4 is formed simultaneously with a diffusion layer 14. Here, the diffusion layer 14 
and the P type well 16 may be connected. Since it is the same as that of the first example, the process after this is skipped. 
Since according to this example concentration of the base region directly under a source field can be made deep while losing 
the effect of the angle of a base region, it becomes possible beyond the first example to make it strong to destruction. In 
addition, this example can also be combined with the second example. 

[0016] Drawing 10 explains other examples of this invention. Drawing 10 shows the top view and A-A'sectional view and 
B-B* sectional view of the mesh gate LDMOS eel section which are other examples. The description of this invention is 



http://www4. ipdl .jpo.go.jp/cgi-bin/tran_web_cg 



having removed the low resistance source field 5 in the angle of source opening. Thereby, since the current path of an angle is 
lost, the short channel effect in an angle does not show up. Moreover, buildup of the on resistance by having used this 
invention by making area of deletion into the minimum does not appear. 

[0017] Drawing 1 1 explains other examples of this invention. Drawing 1 1 shows the top view and A-A'sectional view and 
B-B' sectional view of the mesh gate LDMOS eel section which are other examples. The description of this invention is 
having formed in the angle of a base region 4 the P type field 17 where concentration's is comparatively high. The high 
impurity concentration of the P type field 17 is higher than a base region 4, and its low thing is more desirable than the source 
field 5, and it is about three lxl018-/cm. This formation is performed by the self aryne with the gate electrode 8 after pattern 
NINGU of the gate electrode 8. Also by this invention, the threshold electrical potential difference in an angle could be made 
high, and the short channel effect was able to be suppressed. 

[0018] Drawing 12 explains other examples of this invention. Drawing 12 shows the top view of the mesh gate LDMOS eel 
section which are other examples. The description of this invention is having made it radii mostly by using the angle of source 
opening as an obtuse angle. In the case of this example, longitudinal direction flare distance of the base region 4 in an angle 
was able to be made almost comparable as the side by making opening into 16 square shapes and bringing close to radii. 
[0019] Drawing 13 explains other examples of this invention. Drawing 13 shows the block diagram of the semiconductor 
integrated circuit 306 which constituted the output component 307 which drives the motor 310 which is an external load from 
LDMOS of the first example, and the hard disk driver equipment which consisted of microprocessor 302 grades which control 
the output component 307. 300 -- the whole hard disk driver control board and 301 - for an A/D converter, a D/A-converter 
chip, and 305, an analog amplifier chip and 306 are [ a SCSI controller chip and 302 / a microprocessor chip and 303 / a 
data-processor chip and 304 / the Motor Driver integrated circuit chip and 3 10 ] the motors for head actuators. Moreover, for 
307, in the Motor Driver integrated circuit chip 306, LDMOS for motorised and 308 are [ the protection network section and 
309 ] the control circuit sections. Here, the supply voltage of 3 1 1 is 3V [ common to each chip ]. With this supply voltage, in 
order to make LDMOS307 for an output turn on thoroughly, high impurity concentration of the base region of LDMOS307 is 
made low in about three 2xl013-/cm, and the threshold electrical potential difference is set to 0.5V. According to the 
conventional technique, the short channel effect in a mesh became much more remarkable by making base density low, 
dispersion in a threshold electrical potential difference, pressure-proof lowering, and avalanche destruction took place, and 
the activity with 3 V power source was not completed. However, by this example, the effect of an angle could be lost, and 
there was little dispersion in a threshold electrical potential difference, and it was able to realize LDMOS of 3 V actuation 
strong against destruction. 
[0020] 

[Effect of the Invention] According to this example, since the effect of the angle of the base region of the polygon mesh gate 
can be lost, compared with the conventional technique, there is effectiveness of improvement in the destructive tolerated dose 
by reduction of dispersion in a threshold electrical potential difference and control of parasitism bipolar actuation. From 
conventional **0.3V, the conventional technique is large more than twice, and, specifically, the avalanche destructive current 
at the time of inductance load actuation can be carried out for dispersion in the threshold electrical potential difference in a 
wafer **0. IV. 



[Translation done.] 



